The use of a semisolid medium for the detection of motility of Clostridium cultures (Mandia and Bruner, 1950) , demonstrated three different behaviors. Motile organisms produced a spreading growth to the base of the medium, and nonmotile organisms showed growth only in the line of stab. Organisms showing "doubtful motility" produced a characteristic haze and offshoots in the medium.
The use of a semisolid medium for the detection of motility of Clostridium cultures (Mandia and Bruner, 1950) , demonstrated three different behaviors. Motile organisms produced a spreading growth to the base of the medium, and nonmotile organisms showed growth only in the line of stab. Organisms showing "doubtful motility" produced a characteristic haze and offshoots in the medium.
Three cultures of Clostridium studied in semisolid medium consistently produced these offshoots and haze about the stab growth. All three cultures possessed the characteristic biochemical behavior of Clostridium perfringens, and in every respect proved pure cultures. One of the cultures was isolated from an aborted equine fetus, one was isolated from fodder, and the third was a laboratory stock culture. Organisms of these cultures were able to migrate to the base of the semisolid medium by means of numerous offshoots that extended farther and farther toward the bottom of the tube as their numbers increased.
These offshoots, which were usually observed after 48 to 72 hours of incubation, were from 3 to 5 mm wide and from 10 to 27 mm long. After 7 to 10 days of incubation the original culture was recovered from offshoots at the base of the tube after the medium above was melted and removed. Reinoculation from the growth at the base of the tube into semisolid medium did not increase the migratory activity of the organisms. The offshoots spread in a curved path in two dimensions by means of tiny colonies that moved at a relatively high speed. In one instance an offshoot 25 mm long was produced during an interval of 1i hours. The tiny colonies moved as a unit in a curved zigzag manner. Their movement was disrupted by the accumulation of growth that formed a parabolic tip to the offshoot, leaving a path of light growth behind.
On several occasions one of the cultures of C. perfringens did not produce offshoots. It produced, however, the characteristic haze. The haze did not increase in intensity upon prolonged incubation but spread to a distance of 15 mm below the base of the stab growth. The medium around the stab growth was melted and removed; transfers from the haze produced the original culture.
A difference noted between a semisolid culture showing haze with offshoots and one showing only the haze was the presence of gas bubbles in the former. Gas bubbles ascending through the semisolid medium produced clear areas in the spreading growth of motile Clostridium cultures. In size and shape the clear areas resembled the offshoots. Apparently, therefore, these offshoots were produced by growth spreading along the paths of gas bubbles in the medium. A gas bubble could be made to move through its path in the semisolid medium by inverting the tube. This showed that the path was made up of a fluid rather than a semisolid medium.
Migratory behavior similar to that observed in the semisolid cultures of these strains of C. perfrirgen8 is found in the phenomenon of swarming. In swarming (Murray and Elder, 1949) , bacteria extend over an agar surface in groups moving as units. These units may be either "bullet-shaped" colonies of organisms moving at a relatively high speed or round colonies rotating as plates on the surface of the medium. The bullet colonies are made up of cells that band together in groups; each group has a polarity that is maintained until the group is broken up by impact with a large mass or grows to a size restricting movement to zero. Bullet colonies apparently move in curved paths and are common to all swarming species. Swarming species apparently possess peritrichate flagella. Agar plate cultures of the C. perfrinens strains studied showed no swarming, and the organisms were nonmotile in fluid medium.
DISCUSSION
The mechanism of migration common to these cultures of C. perfringens and to swarming species is the expression of motility by extremely active groups of organisms under special conditions. In both instances these groups of organisms show a remarkable polarity, traveling as units in a given direction; they move in curved paths, and cease movement with the accumulation of growth. A semisolid medium containing fluid paths produced by ascending gas bubbles is apparently necessary for the appearance of motile groups of the cultures of C. perfritngens, whereas a thin fluid layer overlying the agar gel is required for the production of motile groups of swarming bacteria.
The question arises as to the source of this movement. Since all swarming species possess flagella, it is probable that flagella furnish the power for their motile groups. However, the organisms of C. perfritngens cultures studied here were nonmotile under all conditions except in the semisolid medium. The sudden appearance of a flagellar type of movement in this medium is difficult to explain. Pijper (1946) explained the motility of bacteria as the result of a gyratory undulating motion of their bodies, with a flagellum-like appendage formed by the effect of this motion on the slime layer surrounding the bacterial cell. The flagella were only incidental as far as motility was concerned.
There are, therefore, two concepts for the source of motility of bacteria. One is that the flagellum is a motile organ and the other is that a spirillar motion of the bacterial cell propels the organism. It is apparent that neither concept can explain the many curious anomalies concerning bacterial motility. Edwards, Moran, and Bruner (1946) If we combine the two concepts regarding bacterial motility and hold that both the gyratory and undulating motion of an organism and a slime layer surrounding the bacterial cell are necessary for motility, we obtain a concept of motility that lends itself well to explanation of some of these observations. For example, the flagellar nonmotile strains of Salmonella (Edwards, Moran, and Bruner, 1946) can be explained on the ground that the organisms did not possess the spirillar motion necessary to transmit movement to the flagella.
In the phenomenon of swarming the remarkable polarity of the groups of organisms making up the motile "bullet" colonies can be understood if the organisms of swarming species possess a slime layer but slight spirillar motion. However, when a group of organisms are held together by their slime layers, the combined spirillar motion of all the organisms in the group is sufficient to activate the slime layer surrounding the group of organisms, forming a common flagellum resulting in a motile colony.
The difference between bacteria that spread and those that swarm over a moist agar surface or through a semisolid medium can be accounted for in light of the fact that the spreading organisms have sufficient gyratory motion individually to break away from other bacteria and are able to activate a slime layer flagellum to give themselves motility. The swarming bacteria have only a slight gyratory motion and under certain conditions of fluidity tend to cling together in groups until sufficient motion is obtained to activate a common slime appendage or group flagellum.
The swarming of nonmotile C. perfringens can be similarly explained; the organisms have a slight gyratory motion and a slime layer that enables them to migrate to a limited extent, as seen by the haze about the stab growth produced in semisolid medium. Under certain conditions of fluidity in this medium, the organisms adhere together forming a common slime layer that in turn is activated by the combined motion of the group, resulting in a group flagellum and a motile colony. In fluid medium the organisms do not adhere together in groups, therefore, no group flagellum is formed, and thus there is no apparent motility.
BUMMARY
Three cultures of Clostridium perfringens, nonmotile in fluid medium, showed in semisolid medium a behavior similar to that observed for swarming bacteria on agar surfaces. Migration was performed under special conditions by groups of cells banding together and forming tiny motile colonies. A concept of bacterial motility based on spirillar motion of an organism and the presence of flagella is proposed.
